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SUMM.&RY

The biochemical and chemotherapeutic effects of a number of mmitroheterocyclic corn-

pounds, including niridazole [1-(5-nitro-2-thiazolyl)-2-imidazohidimsonc] and some 5-nitro-2-
furyl derivatives, on &histosoina matisoni is-crc investigated. TI iosc compoumids ivhich had
marked schlistosomicidal activity had common structural and conformatiomial features. Tilese
comprised a 5-nitrothiazolyl or 5-nitrofuryl ring, with a mtrogcmi substituent (gemlerally part
of an anside or oxadiazole system) attached to C-2 via a rigid side ciiaium. The latter contains
either a C=C double bond or a miitrogemi atom attached directly to C-2 of the heterocyclic

ring. These features, which are illustrated in the accompanying structure, are believed to be

O,N’�Ii/�X

A�O and B�CH or A�S and 8.N

X.N (or CH.CH)

essential for significant austischiistosomal activity. rflle scitistosomicidal effects of compouuids
of this structural type ivere invariably preceded by a reductioti of l)usospiiorylase l)hlOsPiia-

tase activity in the ivorms, suggestitig a common mode of action.

I NTROI)UCTI d)N

i\lanv nitro-substituted heterocyclic cons-

poutmtls, e.g., tiitrothiazoles (a), umitroimida-
zoles (b), amid tmitrofuraims (c), have anti-

bacterial �ind alitiprotozoIll j)1Oj)ct’ties, but

otslv i-cry few of thsens arc emmdowed with

antisCilistOs0fllal activity (2, 3). Among

tue latter, the ussost prominent oume is the

miit rot unazole (lenivat ive 1- (5-nit ro-2-thia-

zolyl)- 2- iuiiidazohdiuioiie (mmiridazolc) (I),

‘Fliis i nvestigat ion ��as S)il)l)Oit(’(l l)V ileseart-li

(iraiits ( ii�I-16492, A 1-03515, and A 1-08022 frons

the National Instil ites of I lealt h. A l)lelimiliarV

report las beet p1I)lislme(I (1)

ivhiose ammtisChsist osoii�tl activity in aliiflsalS

ami(l hi tnamm has beets well docunsemited

(4-6). However, the vast majority of anti-

P1’OtOzOttl mu t m’ol ict erocvchc compounds are

O� N �S�R 02N

completely devoid of ant ischristosomal ac-
t ivit v. �flf the structural features
comiferri mmg ant isci iistt tsomal activity appear

to be far more selective and specific titan
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the structural requirements for antiprotozoal
activity of heterocyclic compounds.

If the antischistosomal activity of nirida-
zole were determined by specific structural
characteristics, compounds endowed with

similar properties not only should have

antischistosomal action but also should
interfere with the same biochemical and

physiological mechanisms in the parasite.

Studies reported in this paper indeed have
revealed a close relationship between struc-
ture, conformation, and the biochemical
antischistosomal effects of nitro- and nitroso-
substituted heterocyclic and aromatic com-
pounds.

EXPERIMENTAL PROCEDURE

Adult schi.stosomes were obtained in tile
same manner as in a previous study (7).
Oral administration of the compounds
tested was initiated 7-83’� weeks after the
mice had been infected with cercariae of
Schistosonia mansoni. The compounds were

either administered in a diet mixture or
fed by stomach tube in a suspension of

gum acacia (0.5 %, sv/v).

Glycogen determinations. Glycogen levels
of the ivorms ssrere determined by either of

two enzymatic methods. One, involving the
use of glycogen phosphorylase and a-i , 6-

amyloglucosidase, had been found to be
highly specific (8, 9), but the need for pre-
paring these enzymes at relatively frequent
intervals (crystalline rabbit muscle phos-
phorylase b may lose its activity at any
time within 30-60 days after its preparation)
led us to test the usefulness of a commer-

cially available product, Diazyme (Miles
Laboratories, Marshall Division, Eikhart,
Ind.), containing a 1,4-, 1 ,6-a-amylo-
glucosidase, which catalyzes the degradation
of glycogen to glucose. This preparation,

combined with glucose oxidase and horse-
radish peroxidase, has been used by Johnson

and Fusario (10) for the determination of
glycogen in mammalian tissues. A modifi-
cation of this method (10) and its adaptation
for the spectrophotometric determination
of glycogen in schistosomes, by coupling

the catalytic activity of Diazyme with
those of two other commercially available

enzymes, hexokinase and glucose fi-phos-

phate dehydrogenase (Boehringer), and
with NADP is described as follows. The
dialyzed Diazyme solutiois, prepared ac-

cording to Johnson and Fusario (10), was

diluted 10-fold with 0.1 �i potassium phos-
phate buffer, pH 6, before use. Folloss-ing

digestion of tss-o male schistosomes ill 0.1

ml of 1.0 N KOH alid neutralization of the

digest with 2.5 N H3PO to pH 7.0-7.5

(8) , the mixture is-as brought to a volume of

0.3 ml is-ith water and was centrifuged for
10 mits at 2000 X g. Degradation of glycogetu

and subsequent spectrophotometric de-
termination of glucose were then alloived

to proceed in the same cuvette. To 50 �l of
the supernatant fraction of the neutralized

digest were added, svith mixing, 0. 1 ml of
the dilute dialyzed Diazyme solution and
10 Ml of 1.0 N HCI. After incubation of the
mixture at 37#{176}for 90 mlii, the follossing

two soiutions ivere added: (a) 0.3 ml cots-

tairnng 0.3 �nsole of XADP, 3.73 pmoles of
ATP, and 3 Mmoles of MgC12, and (b)

0.3 ml of 0.27 M glycylglycine buffer, pH
8.3. After mixitig and recording the optical
density at a ivavelengtui of 340 mM, 0.04
ml of 0.05 n glycyiglycine buffer (pH 7.4)

containing 0.5 umiit of hexokinase and 0.28

unit of glucose 6-phosphate dehsydrogenase
was added w-ith mixing. After 15 mm the

optical density is-as recorded again. The
glycogen content of the sample is-as calcu-
lated on the basis of the molar ext inctioti of

NADPH (#{128}= 6220 � cmm). Determimsa-
tion of glycogen in 26 digests of svornss

revealed a close agreement betsveen the
tw-o methods, with variations never ex-

ceeding ±4%.
Glycogen phosphorylase inea�u rements. Gly-

cogen phosphorylase activity and phos-

phorylase inactivation in schistosome ho-
mogenates, catalyzed by a phosphorylase
phosphatase, were assayed as described

previously (7). Glycogen phosphorylase
activity was determined (a) at zero time,
i.e., immediately following homogenization
of the is-orms in 20 % glycerol-0.05 u
glycylglycine buffer (pH 7.4), (b) 15 mits,

and (c) 30 mits after incubation of tue
homogenate at 20#{176}. The initial glycogen
phosphorylase activity of schistosome ho-
mogenates amounted to 7-9.5 mpmoles of



Calculated:

Found:

4

4

-1

606 ROBINSON ET AL.

glucose 1 -ph 1o51)u sate produced iier Inillute

i�er nsilligramii of proteus. In w-orns ho-
nsogenates frons cont rol aninsals, piios-

j)horylase activity ivas reduced approxi-
nsatelv one-half after 15 mhs. After 30

miii , residual phosphorylase activity

amounted to 01513 20-25 � of the activity

present before iiscubation. In schistosomes

obtained from mice ivhich had received tile
compounds tested its this study, 1)ilOs-

phorylase inactivation ivas determined si-
m1LUltt111(’0U5l� isitls that of isornss from

control alsimals ishicii had been infected on

the S�iIllC day by the same number of cer-

cariae, but to ivhich no compound had been

admiusist ered. The percentage inhibition
of pI iosph#{248}t�’ltist� piiospliatase activity 111

the experimental group was calculated by

the U5(’ of the forfllUla [(Dc _ DE)/Dc] X
100, where D� is the observed percentage
decreas’ its glycogen phospliorylase tic-

tivity after incubatioms of tue homogenate of
coiiti�ol worms for 15 mimi at 30#{176}and DE

is the corresponding percentage decrease

its piiosphoi�ltise activity of the homogenate
of iVoi’ufls from the experimemstal group.

Tite percentage increase in residual I)110s

phorylase activity in the experimental
group ivas calculated by using the formula

[(RE - R�)/R�] X 100, where R� and R�

are the observed percentage residual phos-

1)1 iorvlase activities after incubation for 30

ITiiIi (300) of tuie homogenates of the cx-

perimeuital amid control groups, respectively.

Tue percentage of damage to the female
reproductive system of schistosomes, dc-
monstrable by nseamus of an in Ira vitaiti stain,

was evaluated according to a recently re-

ported scoring procedure.’
�ijiilhesis of 111 -nitiocinnani iC aci(1 N-iso-

propylamnidc (NT’]). m-�\itrocinnansic acid

(2.0 g) was dissolved, with vigorous stirrimsg,

ill oxalyl chloride (40 ml). Evaporation of
this solutiomi under vacuum, at room tern-

perat lire, gave time crude acid chloride,
is-hich ivas dissolved in benzene (20 ml).

This bemmzene solution was cooled in an

ice bath, and isopropylansitie (10 ml) is-as

added (lropWise, with stirring. Water is-as
added, and the bemizene layer was w-ashed

J. (. Bourgeois and E. Biedi uig, 11(1)111)1 shed

observations.

first with 2 N hydrochloric acid and then
ivith ivater, and is-as dried (anhydrous

Na2SO4) aiud evaporated under vacuum.
The crude, solid product is-as crystallized
from aqueous methanol to give m-nitro-
cirinansic acid N-isopropylamide as color-
less needles (1.79 g), ns.p. 118-120#{176};infrared

spectrum, XCHCL3 2.89, 2.99 (NH), 5.98 M

(aniide CO) ; NM1{ spectrum (deutero-

chloroform , with t et ramethylsilane as in-
ternal reference), 1.26#{244} (6H, doublet,

,J = 7 Hz, CH(CH3)2), 4.185 (1H, septet,

CH(CH3)2), 6.28#{246} (1H, broad singlet,
NH), 6.65� (111, doublet, J = 16 Hz),

and 7.63#{244}(1H, doublet, J = 16 Hz) due to
trans-CH=CH, 7.25-S.32#{244} (411, multi-

plet, aromatic H) ; mass spectrum, in/e

234 (�‘sI�), 191 (M-CH(CH3)2), 176
(M-NHCH(CH3)2).

C � �

C 61.53, H 5.98, N 11.97
C 61.73, H 6.02, N 12.07

The infrared spectrum was measured in

chloroform solution on a Perkin-Elmer
Infracord instrument, and the NMR spec-

trum was obtained with a Varian A-GO
spectrometer. NI\IR chueniical shifts are

on the #{244}-scale (tetramcthylsilane = 0).

RESULTS

Olse of the first effects of antischistosomal

compounds is the hepatic shift, in ivhich
the is-orms lose their attachment to the

internal is-all of the mesenteric veins amid

are carried to the liver by the venous blood
flois (11, 12). In the case of niridazole the
worms begin to shift toisard the liver 72
hr following the administration of this drug
to the host (7). How-ever, earlier changes in

the parasites are observable with this

compound. Even 18-24 hr after its ad-
ministration, the pluosphorylase phospha-

tase activity of the worms is reduced; this
is folloised by a decrease in the glycogen
levels and an activation of glycogen phos-

phorylase, afld is associated with the ap-
pearance of abnormalities in the female

reproductive system (7). The latter effect is
also observed ivith nsativ other antischisto-
somal conspoumuds, but the inhibitiots of

pliosphiorylase phosphat ase activity pre-
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ceding the hepatic shift is characteristic for
niridazole, because no significant change in

phosphorylase phosphatase activity ivas
observed even after a hepatic shift had been
produced by the administratiots of trivalent
orgatlic antimonials.

Structural features

schistosomal activity

O2N�

I n

imiclude the nitro group and the miitrogen
(N-3’) of the imidazolidinone ring (13).

It has been reported that alkylation of the

latter nitrogen results in partial loss of
activity (14). Enlargement of the imnida-
zolidinone moiety to a 6-membered ring

(II) had no adverse effect �n activity (13,
14). Interestingly, the acyclic analogues
III and IV have been found to be inactive

N CH3� N CH3\ CH� ft���\\ ?H�

P!JH

02N��N�

CH3

III

(14). This suggests that the rigidified

compound I may be locked into some bio-
logically preferred conformation not readily
accessible in the open-chaiti compounds

III and IV. Examination of space-filling
models of I revealed considerable steric

crow-ding around the C-N bond linking
the thiazole and imidazolidinone rings.

While it seems probable that the rings are
not coplanar, we believe that the precise
deviation from coplanarity cannot be esti-
mated accurately from models. Clearly, the
actual angle betiveen the planes of the
rings varies with the degree of overlap of

the p-electrons on N-i’ in niridazole both
w-ith the lr-system in the thiazole ring and

isith the ureide grouping. The extent of
these electronic interactions may is-eli be
import amit in determining antischsistosomal

activity.
It has been reported by Werbel ci al.

(15) that a number of N-(dialkvlamino-

TUILE 1

Effect of adm in ist rat ion of a n it roson aphthylamtne

(1’) on S. mansoni

Mice infected with S. mansoni were fed a diet

containing 0.25��- of compound V. Worms from

control mice fed the sane powdered diet, but

without the mmitrosonaphthylanune, were used as
controls. In the experimental group a hepatic

shift began 10 days after use drug diet had been

initiated.

Days after.
start of

.
drug diet

Inhibition
of phos-

phorvlase
-

phospha-
tase ac-

tivitv

Increase in
residual

phospho-
rvlase ac-

-. -
tivity iu

olin: 30#{176})

Damage toDecrease
- female re-
in glvco-

- productive
gen level

system

2
3

4

(I

9

10

(
(

0

20

31

36

49

62

(
.(

0

32

49

57

76

98

(__ (_
c

0 0

8 8

14 13

31 44

46 39

52 56

alkyl) -1 -msitroso-4-usaphtiiylaniines have titu-
tischisto�omal activity. 1 - {3-[(4-Nitroso-
1-naphithvl)amino}propvl � l)iPeriditie (V) ssas

ON NH(CH2)3-NQ �

found by thsese authors to be amomsg the
most active ones within this group of

compounds. When the latter is-as admin-
istered is-ith the duet in a concentration of
0.25 % to mice infected is-ith S. niansoni,

the time course of the biochemical and

morphological changes in the isorms ivas
the same as those is-ith niridazole. Prior to

the hepatic shift there was an inhibition of
phosphorylase phosphatase activity as-
sociated isitlu chamuges in the female re-

productive system of the worms, detectable
by an intra eitanu staining technique. This
was follow-ed shortly by a decrease in the
glycogen levels of the male worms (Table
1). The hepatic shift of the schistosomes
did miot occur until 7 days after the onset of

these changes. The idemititv of this sequence
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FIG. 1. Courtauld models of niridazole, SQ 18,506 and related compounds

a. Top, niridazole (I); bottom, nitrosonaphthylamine (V). b. Top, niridazole (I); bottom, SQ 18,506
(VII). c. Top, SQ 18,506 (VII); bottom, isomer of SQ 18,506 (IX). d. Top, nitrofurylacrylamide (XIa);

bottom, SQ 18,506 (VII).
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is-ith that observed following the admin-
istration of niridazole suggested that the

mode of the antischistosomal action of the
nitrosollaphthylamlne (V) might be identi-

cal with that of niridazole.

Examination of Courtauld space-filling
models of the nitroso compound V and of
niridazole (I) revealed interesting con-
formational similarities (Fig. la). The nitroso

group amid the naphthylamine nitrogen in

V are essentially superimposable with the

nitro group and N-i’, respectively, of
miiridazole. Furthermore, if the piperidine

nitrogen in V is-crc intramolecularly hy-

drogen-bonded to the naphthiylamino group
(see perspective drawing VI) in a quasi-

6-membered ring, the piperidine nitrogen
of V would be approximately superim-

posable on N-3’ of niridazole (I).
In contrast to many nitroheterocyclic

compounds, a nitrofuran derivative, trans-

5-amino-3 -[2- (5-nitro -2- furyl)vinylj -1,2,4-
oxadiazole (VII) (SQ 18,506), synthesized

recently by Breuer (16), shares similar
conformational characteristics with nirida-
zole (I).

We assume that the conjugated system of
VII is its the plaliar, fully transoid form

O2N7�II�2CH - CH_4.�i”

(see VIII), svith maximumii overlap of the
ir-electrons of the unsaturated side chain,
maximum charge separation, and minimal
nomibonded interactions. Comparison of

space-filling models of niridazole and of
compound VII in the planar, fully transoid

conformatiomi VIII shows that, if the respec-

tive nitro groups arid aromatic rings are
superimposed, the ethylenic CH=CH of
compound VII is superimposable on the

1’-nitrogen of niridazole ; i.e., the 1’-nitrogen

atom falls at approximately the center of
the C=C vinyl bridge (Fig. ib) . It appears

that one of the key structural components
ill thus type of antischistosomal compound
is a Ilitrogen, with its unshared p-electrons,

or a C==C double bond, with the associated
ir-electrons. In addition, given the super-

imposition described above, the 4’-nitrogen
of the nitrofuryl compound (VII) is ap-

proximately coincident with the 3’-nitrogen

of niridazole. In an attempt to determine
whether there is a relationship between

these conformational characteristics and

antischistosomal activity, the effect of
SQ 18,506 (VII) administered to mice
infected ivith S. inansoni was tested. The

time course of the effects of this compound
on the w-orms is-as similar to that of nirida-

zole and of the nitrosonaphthylamine (V).

Shortly after the administration of the drug

diet was initiated, there was a reduction of
glycogen phosphorylase inactivation in the
male worms; this was associated with a

decrease in the glycogen levels and damage
to the female reproductive system (Table
2). The decrease in phosphorylase inactiva-

tion was reflected in an increase in phos-

NH2

phorylase activity remaining after incuba-

tion of schistosome homogenates for 30
mm at 30#{176}(Table 2). Under these condi-

tions, only approximately 25% of the origi-
nal activity is-as detectable in homogenates
of worms removed from untreated mice.

As the drug diet is-as continued, these
changes became more pronounced and is-crc
followed by a hepatic shift, w-hich usually
ivas observed 2-3 days after tue initiation
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TABLE 2

Effect of SQ 18,506 (VII) on S. mansoni

The compound was administered to mice infected with S. mansoni.

SQ 18,506
in diet

Duration

of drugdiet
adminis-

tration

Drug
diet

discon-
tinued

Inhibition
of phos-

phorylase
phosphatase

activity

Increase in
residual

phosphorylase
activity

(30 mm; 300)

Increase
in phos-

phorylase
activity

Decrease
in glycogen

level

Damage to
female

reproductive
system

C
/C

0.3

days

3

days

0
1
2

3

C c

54
60
66
50

C
�c

202

232
250

70

C.
�(.

26

31
38
29

(-

c

49

62

5,3
32

(.-

/o

35

51

48

42

1.2 1 0
1
2
4

8

27
22
30
15

18

84
84

210

78

62

0
12
17
22

28

25
49
38
28

14

25
30

36
36
50

1.2 2 0
1

2
4
8

45
70

79

56

82

168
256

307

200
510

15
21
27

31
26

58
78
78

58
75

100

100
85

100
100

1.2 3 0
1
3

4

68

78
56

75

332
350

272

305

42
30
42

62

70

83
61

93

100

100
100
100

of the diet containing 1.2% of the com-
pound. Compared with the nit rosomsaphthyl-

amine V, the onset amid intensity of these

changes is-crc much more marked with the
nitrofuran. Tiiis is-as also reflected in the

higher atstischiistosomal activity of the
latter compound. A relationship bet iveen

the dose and the effect of this compoumud on

the worms ivas indicated by the observation

that the greater the dose or the duratiomi of
drug administration, the greater is-crc
these effects on the w-orms. The time course

of these changes was similar to that ob-

served with niridazole (I) (7). As with

the latter, tue effects on the ss-orms gets-
erally rcacuicd their maxima 1-3 days after
the administration of a subcurative (lose
had been discotltimsued.

The chemotherapeutic activity of SQ
18,506 (VII) is-as found to be cotusiderable.

Administratioti of a diet containing 1.2%
of the compound for 5 days, or 0.3 #{182}�for

S days, to mice infected with S. mansoni

consistently resulted in the complete elimi-

nation of the ivorms (1). These and other

antischistosomal effects of SQ 18,506 is-ill
be reported in detail elsewhere.

H \ /N

N�/

NH2

OSN’�N5’N�(”

I

The availability of an isomer of SQ
18,506 provided au opportunity to explore

the extemut of structural speciuicitv in this

series. In this isomer, IX (SQ 18,116),
assuinsing a coplanar, fully Iransoid comuju-

gated system, an oxygcmm atom tiow oc-
cupies tile positiots of the 4’-nitrogeuu its



Effects of two nitrofurans (XIa and XIb) on S. mansoni

X-(5-Nitro-2-furaiuacryloyl)glycine ethyl ester (XIb) or N-isopropyl-5-nitrofuranacrylamnide (XIa)

wa.s administered orally on 3 successive days at a daily dose of 250 mg/kg to mice infected with S.

in ansoni.
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TAmu�1-: 3

Effect on S. mansoni of SQ 18,116 (IX), an isomer

of SQ 18,506, administered in diet to host

A diet containing SQ 18,116 in a concentration

of 1 � WaS fed for 5 days to mice infected with

S. mansoni.

Inhibition Increase in
Days after of phos- residual Decrease Damage to

discontinu- phor�lase phospho- in glyco- female re-
ation of phos- rvlase ac-

drug diet phatase tivity (30 gen level productivesystem
activity mm; 30#{176})

( (� (_ C;

( ( 0 /0

1 23 48 15 58
3 26 53 24 71

8 8 18 12 25
13 3 0 0 15

21 0 0 0 7

SQ 18,506 (VII) (Fig. ic). If the assumption

is correct that IX has a preferred conforma-
tion, i.e., the coplanar, fully transoid form,
free rotatioti of the oxadiazole ring is pre-
cluded. Compared with SQ 18,506 (VII),
the isomer (IX) had extremely low- anti-
schistosomal activity. While a diet con-

taining 1.2 % SQ 18,506 fed for 5 days re-
sulted in complete elimination of the w-orms,

admimiistration of the isomer, IX, in the diet
imi the same concentration and for the same

period of time did not even significantly
reduce the number of is-orms. There is-as a

slight temporary hepatic shift (withi 50 %

of the worms remaining in the mesenteric

veins), preceded by a reduction in the

glycogen levels, inhibition of phrnsphorylase

phosphatase, and some abnormalities imi

the female reproductive system, but all

these changes is-crc reversed 21 days after
the administration of thie drug diet had been

discontinued (Table 3).
Similar marked differences in activity

iscre observed when the effects of admits-
istratiomi of the two isomers in a small
particle size (5 M �Il diameter) by gavage
is-crc compared. With a dosage schedule
which consistently produced parasitological
cures w-ith SQ 18,506 (VII), i.e., 0.5 g/kg
twice daily for 5 days, there is-as tio reduc-

tion in the number of w-orms when SQ

18,116 (IX) is-as used instead. Again, only a

slight, transitory decrease ill phosphorylase

phosphiatase activity and a small decrease

in the glycogen levels of the parasite over a
period of a few- days were observed under

these conditions. Therefore, the anti-
schistosomal activity of this isomer is
minimal is-hen compared withi that of

SQ 18,506. We infer that the 4’-nitrogcn
of SQ 18,506 is required for full antischisto-

somal activity, and cammot be replaced by

TABLE 4

F�H
O2N �-�/

�

XI

a) R.CH(CH3)2

b) R.CH2COOC2H�

Days after

discontin-
uation of

drug

Inhibition of
phosphorylase

phosphatase
activity

- XIa -�

Increase in residual
PhosPhorylaSe

activity
(30 mm; 30#{176})

XIb XIa

.
Decrease in

glycogen level

XIh XIa

Damage to female

rel)roductive
system

-

Xli) XIa

( -

(
(_ -

(
C -

(
C

( / C
(�

0
C -

C C

1 28 42 60 88 32 49 31 42

3 :34 53 71 112 48 64 52 57
5 22 39 46 78 31 53 45 55

8 7 23 18 44 10 24 38 49



A mouse was considered parasitologically

cured when not a single live worm could be
recovered.

02 N��CH#{149} CH�

‘It

O2N��CH�
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oxygen. This inference is of interest in

view of the report that replacement of the
3’-nitrogen of niridazole by oxygen (as in

X) or by the -CH2- grouping resulted
in a loss of antischistosomal activity (14).

The association of antischistosomal ac-
tivity with specific structural and conforma-
tional characteristics of the kinds discussed
above is supported by consideration of the
nitrofuran derivatives XIa and XIb. These

compounds have been reported to be effec-
tive in the treatment of schistosomiasis by
Lei et at. (17).

A mode of action common to both com-
pounds XIa and XIb and niridazole (I)
is indicated by the similarity of their ef-

fects on the ssorms and their time course
when they is-crc administered to mice

infected svith S. man-soni (Table 4). How--

ever, with tue isopropyl derivative XIa,
parasitological cures is-crc obtained quite
consistently only with a dosage schedule

close to the LD50. Furthermore, ivith the
same dosage schedule, administration of
the glycyl ester derivative XIb resulted
in a reduction in the number of worms, but
only occasionally in their complete elimina-
tion (Table 5). The higher potency of the
isopropyl derivative XIa is also reflected

in its more pronounced effects on the isorms
folloss-ing administration of subcurative

doses of the two compounds (Table 4).
Space-filling models, constructed on the

basis of a planar, fully transoid system, show
that the amide nitrogen itt compounds
XIa and XIb is coincident in space is-ith

the 4’-nitrogen of SQ 18,506 if the nitro

groups and side chain CH=CH groups are

superimposed (Fig. id). Similarly, the amide
nitrogens in compounds XIa and XIb

also correspond well to the 3’-nitrogen of
niridazole.

Tiso nitrothiazole derivatives (XII and

XIII) recetitly synthesized by Asato et at.
(18) arc also of interest. Although these

compounds appear to have the key struc-

tural and conformational characteristics of

niridazole and SQ 18,506, their adminis-

tration did not result in a reduction of
phosphorylase phosphatase activity or glyco-

gen stores, or in a hepatic shift of the worms.
It is possible that the basicity of the termi-

TABLE 5

Chemotherapeutic effects of two nitrofurans (XIa

and XIb) on experimental schistosomiasis

N -Isopropyl -5-nit rofuranacrylanside (X Ia) or

�\r(sisitro24uranacryloyl)glycine ethyl ester

(XIb) was administered orally once daily to mice

infected with S. mansoni at the following sched-
ule: 250 mg/kg for 6 days, followed by 1 gkg for

3 days, followed by 500 mg/kg for 5 days. Au-

topsies were performed 31-47 days after the la.st

dose -

Average Iarasito-
Total No. No. of sur- reduction

Nitrofuran
of mice viving mice in No. of logical

cures0worms

C (
/0 /0

XIa 30 14 98 86

XIb 30 26 61 12

nal nitrogen substituent is import ant in

determining antischistosomal activity.

While compounds XII and XIII lacked
the type of antischistosomal activity char-
acteristic for niridazole and SQ 18,506,

their administration resulted in marked
abnormalities in the reproductive system of
the female worms. These effects is-crc re-
versed over a relatively long period of time

(approximately 10 weeks) (Fig. 2). Similar
effects, limited to the female reproductive

system of the parasite, is-crc observed with
two other nitroheterocyclic compounds,
nitrofurantoin (XIV), whiose conformatioms
differs from that of the niridazolc group

/
because of the �=N-N side chain

/
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FIG. 2. Effect of two nitrothiazoles on female re-

productive system of S. nuansoni

The compounds were administered orally to

mice infected with S. mansoni, the pyridimie de-
rivative (XII) at a daily dose of 0.5 g/kg for 6
successive days, the quimioline derivative (XIII)
at a daily close of 1 g/kg for 5 successive days. The

abscissa shows days after the first dose; the ordi-
nate, percentage of abnormalities in the female

reproductive system.

,ON /��NH02N CH�N-N

XI�

02N”���\i

with its different bond lcngthis and bond

angles, amidi au analogue (SQ 18,646) (XV)
of SQ 18,506 (VII), which lacks the vinyl
bridge.

Therefore, it appears that a distinction
must be made betiveen two types of amiti-

schistosomal effects of nitroheterocychic
compounds. One is observed with many
structurally unrelated compounds and is

limited to reversible damage to the female

reproductive system. The other type of

antischistosomal action is itiitiatcd by

specific biochemical effects, i.e., a reduction
in phosphorylase phosphat ase activity,

followed by a hepatic shift and the eventual
partial or complete elimination of the para-
site. This second type of effect is exerted by

compounds which have specific structural

and conformational characteristics in com-
mon. In an attempt to define further these
structural relationships with antischisto-
somal activity, an analogue (XVI) of the

O2N�CH - CH-CO-NHCH(CH3)2

active nitrofurylacryhic acid isopropylamide
XIa was synthesized, in w-hich the nitrofuran

ring ivas replaced by the m-nitrophenyl

group. This compound was completely de-

void of antischistosomal activity at the
highest tolerated dosage level. Therefore a

nit-rophienyl ring cannot replace a nitro-

heterocyclic ring for this type of anti-

schiistosomal activity.
According to Cuckler et al. (19), 2-acet-

amido-5-nitrothiazolc (aminitrozole) (XVII)

02N s NHCOCH3

x�It

has a slight degree of antischistosomal ac-

tivity. We have confirmed the findings
that prolonged administration of this
compound at the highest tolerated dosage

level results in a slight reduction in the
number of worms. A hiepatic shift occurred

2 iveeks after a diet containing 0.2 % of this

conipound was initiated, and this shift was

preceded by a reduction in phosphorylase

phosphiatasc activity and a moderate

decrease of the glycogcn stores of the worms
(Table 6). Thus, qualitatively these effects
amid their time course is-crc similar to those
of niridazole and of SQ 18,506. Quantita-
t ively, however, these antischistosomal

effects were far less pronounced. This is

also indicated by the report that admin-

iStratioll of this compound results only in a

reduction in the number of the parasites,

but not in their complete elimination (19).

As noted earlier, the 3’-nitrogen of niridazole
(I) is required for full activity, amid com-
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2 E. Buedung, I. Weliky, C. N#{225}quira and G.

Rose, unpublished observations.

TABLE 6

Effects of aminilrozole (XVII) on S. mansoni

A diet containing 0.2% of this compound was

administered for 15 days to mice infected with
S. mansoni.

Days after
initiation

of drug diet

Inhibition
of phos-

phorylase
phospha-
tase ac-

tivity

Increase in
residual

phospho-
rylase ac-

tivity (30
miii; 300)

Decrease Damage toin glyco- female re-
productivegen level system

1

/c

0

c#{176}
/o

0

c- 0#{176}
/0

0 7

2 0 0 0 4

3 8 11 6 18

4 15 28 11 26

6 22 37 19 34

11 38 132 31 55

13 35 118 28 63

15 48 192 37 72

pound XVII (which can be view-ed as a
niridazole analogue) lacks this key sub-

stituent, as well as the rigidifying effect of a

ring.

DISCUSSION

The studies with nitrohetcrocyclic com-
pounds reported in this paper have indi-

cated that antischistosomal activity is
related to certain structural and conforma-

tional features. We wish to draw- attention
to additional criteria. For example, the
nitro group of SQ 18,506 (VII) is essential

�CH . CH��

N�#{176}

for antischistosomal activity, as the des-

nit-ro compound XVIII ivas found to be
inactive �2 Similarly, desnitro muiridazole
lacks antischistosomal activity (14). On

the other hand, modification of the amino
substituent attached to the 5’-position of
the oxadiazole ring of SQ 18,506 has no

great effect on antischistosomal activity.
Thus, each of the compounds XJXa-c,
wherein the C-5’ substituent is methyl-

I\ N x
�

02N�CH . CH�\

a) X�NHCH3

b) X�N(CH3)2

c) X�NHC0CH3

di X�H

amimuo, dimethylamimuo, or acet amido, re-

spectively, showed subst alit ial activity �2

it is particularly miotess-orthy that the
desaniino compound XIXd also had marked
antischistosomal activity �2 Furthernsorc, the

amide nitrogen atoms in compounds XIa

and XIb are essential for austischistosomal

activity because the corrcspotidimig esters

and thioesters XXa and b, iti ss-hich nitrogen

is replaced by oxygemi and sulfur, respec-

tively, have been reported to be itiactive
(19).

H�(
0

a) X�0R

b) X.SR

ci X�NHNR

d) X�NHAr

.) X�NR2

It is also of interest that those compounds
is-hich have the amide muitrogen as part of a
hydrazine or substituted hydrazine grouping

(XXc), or which have an arvl substituent

attached to nitrogen (XXd), have been
found to be inactive (20). These two groups
of compounds might be expected to have

amide nitrogens slightly less basic thiatl
those of type XI. As pointed out already
in connection with thie nit-rothiiazoles XII

and XIII, nitrogen basicity may be a
critical factor in determining antischisto-

somal activity. However, compounds in
which the amide nitrogen is tertiary (XXe)

are also generally inactive (20), and these
amide nitrogens might be expected to be
somewhat more basic than thiose of sec-
ondary amides. In view of the intrinsically
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very weak basicity of amide nitrogen, these

effects might not be very substantial over-

all.
The antischistosomal activity of the

compounds discussed in this paper may
be related to their structural similarity to
5-hiydroxytryptamimie, whose concentration

in S. mansoni is very high (21). Molecular

models of 5-hydroxytryptamine (XXI)
amid t 1ic isitrohieterocyclic atit ischtistosotiial

agemits suggest that, if the nitrohieterocyclic
compound (e.g., XIa) and 5-hydroxy-

tryptamitse (XXI) are juxtaposed so that

the tiit i’o group and pheniolic hydroxyl

group are superimposed, as is-eli as the

heterocyclic ring of XIa amid the phcnyl
m� )iet y of 5-hiydroxytryptamine, then the

ethyleusic C=C (loUble bond of XIa and
the 2, 3-double bond of the 5-niembcrcd

ritig of 5-Itydroxytrypt amine are also super-

imposed. The amiiide msitrogen of XIa and

NH2

H0�<

H

XXI

the flexible side chain nitrogen of 5-hydroxy-

trvpt amine are also essential! super-

ituposable, assuming a staggered side chain

cotiformation for 5-isydroxyt ryptaminc. It

is I)ertiuiemit tiimtt Dombro amid Woolley

(22) drew attention to the structural analogy

between 5-hydroxytryptaniine and cm-
miamic acid amuides, and indeed show-ed

that sonic cinlsanlaniidcs is-crc 5-hvdroxv-

tryptamnimle amitagomuists.

A comincct ion betiscen ant ischistosomal

act is-ity and 5-hydroxytryptamine would

be of great interest, amid work is imi progress
to test this hypothesis.
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